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DECOUPLE A LATCH NODE AT A COMPARATOR FROM A FIRST CURRENT i
ELECTRODE OF A FIRST TRANSISTOR DURING A FIRST PHASE OF

A COMPARE CYCLE. MAINTAIN THE FIRST TRANSISTOR IN SATURATION

DURING THE FIRST PHASE AND THE SECOND PHASE OF THE COMPARE

CYCLE
920
COUPLE THE FIRST NODE TO THE FIRST CURRENT ELECTRODE OF
THE FIRST TRANSISTOR DURING A SECOND PHASE OF THE COMPARE
CYCLE. MAINTAIN THE FIRST TRANSISTOR IN SATURATION DURING
THE FIRST PHASE AND THE SECOND PHASE OF THE COMPARE CYCLE
230

LATCH A VALUE AT THE COMPARATOR REPRESENTATIVE OF A
COMPARISON BETWEEN A FIRST INPUT VOLTAGE AND A SECOND INPUT

VOLTAGE, THE VALUE BASED ON A VOLTAGE AT THE FIRST NODE DURING
THE SECOND PHASE OF THE COMPARE CYCLE. MAINTAIN THE FIRST
TRANSISTOR IN SATURATION DURING THE FIRST PHASE AND THE
SECOND PHASE OF THE COMPARE CYCLE

500

FIG. 5
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LATCHED COMPARATOR AND METHODS
THEREFOR

BACKGROUND

1. Field of the Disclosure

The present disclosure relates generally to electronic
devices, and more particularly, to comparator devices.

2. Description of the Related Art

A comparator 1s an electronic device that 1s used to com-
pare the relative level, such as the voltage level or current
level, of two signals, and to provide an indication at an output
of the comparator of which signal has the greater level.
Accordingly, the comparator can be used to indicate when the
level of a signal of interest exceeds a predetermined reference
level, thereby allowing regulation of the signal of interest. For
example, a voltage regulator may control the conductivity of
a transistor 1n order to maintain a supply voltage at a desired
level based on the output of a comparator configured to com-
pare the supply voltage to a reference voltage.

One example of a comparator, referred to as a latching
comparator, includes a latch portion configured to latch a
value based on the comparison of input signals. One or more
control signals are employed to manipulate switches at the
comparator to control when the comparator samples the sig-
nals at the mnput in order to perform a comparison, and when
a value based on the comparison 1s latched at the comparator.
However, the manipulation of the switches can introduce
undesirable noise, referred to as kickback noise, at one or both
inputs ol the comparator. Kickback noise can limit the preci-
sion with which the comparator can compare the mput sig-
nals.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its
numerous features and advantages made apparent to those
skilled 1n the art by referencing the accompanying drawings.

FIG. 1 1llustrates 1n partial block diagram and partial sche-
matic form, a latched voltage comparator 1n accordance with
a specific embodiment of the present disclosure.

FIG. 2 1s a schematic diagram illustrating the 1solation
circuit of the latched voltage comparator of FIG. 1 1n accor-
dance with a specific embodiment of the present disclosure.

FI1G. 3 1s a schematic diagram 1llustrating the overlap mod-
ule of latched voltage comparator of FIG. 1 1n accordance
with a specific embodiment of the present disclosure.

FI1G. 4 1s a timing diagram 1llustrating the operation of the
latched voltage comparator of FIG. 1 1n accordance with a
specific embodiment of the present disclosure.

FIG. 5 1s a flow chart illustrating the operation of the
latched voltage comparator of FIG. 1 in accordance with a
specific embodiment of the present disclosure.

FIG. 6 1s a block diagram illustrating a regulated charge
pump device including the latched voltage comparator of
FIG. 1 1n accordance with a specific embodiment of the
present disclosure.

DETAILED DESCRIPTION

A compare cycle of a latching comparator includes a pre-
charge phase and a compare phase. During the precharge
phase, a node of the comparator 1s precharged to a defined
voltage. In addition, during the precharge phase an input
transistor of the comparator 1s decoupled from the node.
During the compare phase, an input voltage 1s coupled to the
node via the input transistor. The input transistor 1s main-
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tained 1n saturation during both the precharge phase and the
compare phase, reducing switching noise.

FIG. 1 1llustrates 1n partial block diagram and partial sche-
matic form a latched voltage comparator 100 1n accordance
with a specific embodiment of the present disclosure. Voltage
comparator 100 includes a current source 102, p-channel
metal oxide semiconductor (PMOS) transistors 104, 108,
112,130,132, and 140, n-channel metal oxide semiconductor
(NMOS) transistors 106, 110, 118, 120, 134, 136, 138, 146,
and 148, inverters 114 and 142, i1solation modules 116 and
144, and a overlap module 160.

Current source 102 has a first current electrode connected
to a supply voltage labeled “VDD,” a second current elec-
trode, and 1s operable to supply a current labeled “IBIAS.”
PMOS transistor 104 has a source connected to the second
current electrode of current source 102, a gate electrode con-
nected to a node labeled “IN_PLUS,” and a drain connected
to a node labeled “B.” A current conducted at node B 1s
labeled “I CMP2.” NMOS transistor 106 has a drain con-
nected to node B, a gate connected to node B, and a source
connected to a ground supply voltage. PMOS transistor 108
has a source connected to the second current electrode of
current source 102, a gate electrode connected to a node
labeled “IN_MINUS,” and a drain connected to a node
labeled “A.”” A current conducted at node A 1s labeled
“I CMP1.” NMOS transistor 110 has a drain connected to
node A, a gate connected to node A, and a source connected to
ground.

PMOS transistor 112 has a source connected to node VDD,
a gate connected to a node labeled “PCHG_B,” and a drain
connected to a latch node labeled “X.” Inverter 114 has an
input connected to node X and an output connected to a node
labeled “OUT.’ Isolation module 116 has a first terminal
connected to latch node X, a second terminal connected to
supply voltage VDD, and a third terminal connected to anode
labeled “Z.” NMOS transistor 118 has a drain connected to
node 7, a gate connected to a node labeled “VBIAS,” and a
drain connected to node C. NMOS transistor 120 has a drain
connected to node C, a gate connected to node A, and a source
connected to ground.

PMOS ftransistor 130 has a source connected to voltage
supply VDD, a gate connected to a latch node labeled “Y,” and
a drain connected to latch node X. NMOS transistor 134 has
a drain connected to latch node X, a gate connected to latch
nodeY, and a source connected to a node labeled “L..” PMOS
transistor 132 has a source connected to voltage supply VDD,
a gate connected to latch node X, and a drain connected to
latch node Y. NMOS transistor 136 has a drain connected to
latch node Y, a gate connected to latch node X, and a source
connected to node L.. NMOS transistor 138 has a drain con-
nected to node L, a gate connected to a node labeled “LAT,”
and a source connected to ground.

PMOS transistor 140 has a source connected to node VDD,
a gate connected to a node labeled “PCHG_B,” and a drain
connected to latch node Y. Inverter 142 has an input connected
to latch node Y and an output connected to a node labeled
“OUT _B.’ Isolation module 144 has a first terminal con-
nected to latch node Y, a second terminal connected to supply
voltage VDD, and a third terminal connected to a node
labeled “W.” NMOS transistor 146 has a drain connected to
node W, a gate connected to node VBIAS, and a source
connected to node D. NMOS transistor 148 has a drain con-
nected to node D, a gate connected to node B, and a source
connected to ground.

For purposes of discussion, current source 102, PMOS
transistors 104 and 108, and NMOS transistors M3 and M1

together form a differential preamplifier. During operation,
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current IBIAS 1s distributed between current I CMP2 and
current I_CMP1 based on the level of voltage signals recerved
at input nodes IN_PLUS and IN_MINUS, respectively. For
example, when the potential at input node IN_PLUS 1s
greater than the potential at input node IN_MINUS, the mag-

nitude of current I_CMP2 will be smaller than the magnitude
of current I CMP1.

The gates of NMOS transistor 110 and NMOS transistor
120 are connected together, and thus together implement a
current mirror to mirror the current I CMP1. Therefore, a
current conducted by NMOS transistor 120 1s controlled by
current I CMP1 conducted at node A. Cascode connected
NMOS transistor 118 1s configured to increase the output
impedance of the current mirror formed by NMOS transistor
110 and 120. Similarly, the gates of NMOS transistor 106 and
NMOS ftransistor 148 are connected together, and thus
together 1implement a current mirror to mirror the current
I_CMP2. Therefore, a current conducted by NMOS transistor
148 1s controlled by a current I_CMP2 conducted at node B.
Cascode connected NMOS transistor 146 1s configured to
increase the output impedance of the current mirror formed
my NMOS transistor 106 and 148.

PMOS transistors 130 and 132, and NMOS transistors 134,
136, and 138 form a latch circuit. In particular, in response to
assertion of the signal LAT, transistors 130 and 132, and
transistors 134, 136, and 138 latch a value based on the
relative voltages at nodes X and Y.

Isolation module 116 1s configured to couple node Z to one
of VDD and node X based on the control signals CTL1 and
CTL2. Similarly, 1solation module 144 1s configured to
couple node W to one of VDD and nodeY based on the control
signals CTL1 and CTL?2.

In operation, latching comparator 100 1s configured to
compare IN_PLUS and IN_MINUS based on a series of
operational 1ntervals, including a precharge interval, a com-
pare mterval, and a latch interval. For purposes of discussion,
cach series of precharge interval, compare interval, and latch
interval 1s referred to as a compare cycle. During the pre-
charge interval of a compare cycle, nodes X and Y are pre-
charged to a potential of approximately the same as voltage
supply VDD by PMOS transistors 112 and 140, respectively,
when a signal provided at node PCHG_B 1s at a logic-low
potential. Further, during the precharge interval, signals
CTL1 and CTL2 are set such that 1solation module 116 and
1solation module 144 couple nodes Z and W, respectively to
the supply voltage VDD.

The precharge interval of the compare cycle 1s followed by
a compare interval. During the compare interval, the 1solation
module 116 and isolation module 144 signals CTL1 and
CTL2 are set such that 1solation module 116 and 1solation
module 144 couple nodes 7 and W respectively to nodes X
and Y. Accordingly, during the compare interval, the voltage
at node X will be based on the current through transistors 118
and 120, which 1n turn 1s based on the current I CMP1.
Similarly, during the compare cycle, the voltage at node Y
will be based on the current through transistors 146 and 148,
which in turn 1s based on the current I_CMP2. Thus, during
the compare 1nterval the nodes X andY are driven to voltages
based on the voltages IN_MINUS and IN_PLUS, respec-
tively.

The compare 1nterval of a compare cycle 1s followed by a
latch interval. During the latch interval, the signal LAT 1is
asserted so that NMOS transistor 138 becomes more conduc-
tive, causing the latch circuit to assume one of two binary
states based on the relative magnitude of voltages at node X
and node Y. The state of the latch circuit 1s reflected at the
mutually exclusive output nodes OUT and OUT_B.
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Because 1solation module 116 and 1solation module 144
are configured to couple nodes 7Z and W, respectively, to VDD
during the precharge phase, NMOS transistors 118, 120, 146
and 148 are maintained in saturation mode during all intervals
of a compare cycle. In an embodiment, a transistor i1s 1n
saturation mode when a voltage 1s applied to a first current
electrode (such as the drain) of the transistor so that V>
(V-—V,), where V. 1s a drain-source voltage of the transis-
tor, V . 18 a gate-source voltage of the transistor, and V,1s a
threshold voltage of the transistor. By maintaining transistors
118, 120, 146 and 148 1n saturation mode, kickback noise at
the latching comparator 100 1s reduced. This can be better
understood with references to FIGS. 2-6. In another embodi-
ment, NMOS transistors 118, 120, 146 and 148 are config-
ured such that the drain-to-source voltage for one or more of
the transistors 1s as follows: V , >1.5%(V ..~V ,) where V , . 1s
a drain-source voltage of the transistor, V 4. 1s a gate-source
voltage of the transistor, and V, 1s a threshold voltage of the
transistor. In still another embodiment, transistors 118, 120,
146 and 148 are configured such that the drain-to-source
voltage for one or more of the transistors 1s as follows:
Vps72¥(Vgs=V)).

FIG. 2 1s a schematic diagram illustrating 1solation module
116 of latched voltage comparator 100 in accordance with a
specific embodiment of the present disclosure. Isolation mod-
ule 116 1s similar to 1solation module 144. Isolation module
116 includes PMOS transistors 202, 204, 206, and 208.
PMOS transistor 202 has a source connected to voltage sup-
ply signal VDD, a gate connected to node CTL2, and a drain
connected to node Z. PMOS ftransistor 204 has a source
connected to node X, a gate connected to node CTL1, and a
drain connected to node Z. PMOS transistor 206 has a source
connected to voltage supply signal VDD, a gate connected to
node DI, and a drain also connected to node DI. PMOS
transistor 208 has a source connected to node DI, a gate
connected to node X, and a drain connected to node 7.

Isolation module 116 1s configured to 1solate latch node X
from node 7 during the precharge interval and the latch inter-
val, and to provide a conductive path between latch node X
and node 7Z during the compare interval. Furthermore, 1sola-
tion module 116 1s configured to maintain NMOS transistor
118 and NMOS transistor 120 in saturation mode during all
intervals of operation of latched voltage comparator 100.

During the precharge interval and latch mterval, PMOS
transistor 202 1s activated in response to the negation of a
signal conducted at node CTL2. PMOS transistor 202 main-
tains node Z at a potential that 1s substantially equal to the
potential provided by voltage supply VDD. Node VBIAS
(FIG. 1) 1s maintained at a potential equal to approximately
twice the threshold voltage of NMOS transistor 118. Thus,
NMOS ftransistor 118 and NMOS ftransistor 120 are both
operating 1n saturation mode during the precharge interval
and the latch interval.

During the compare interval, PMOS transistor 204 1s acti-
vated 1n response to the negation of a signal conducted at node
CTL1, and a short time thereafter, PMOS transistor 202 1s
deactivated 1n response to the assertion of the signal con-
ducted at node CTL1. At this time, current 1s permitted to flow
between latch node X (FIG. 1), which has been previously
precharged, and node Z based on the conductivity of NMOS
transistor 120. As previously described, the conductivity of
NMOS transistor 120 1s determined by current I_CMP1. Dur-
ing the compare 1nterval, either latch node X or latch node Y
will transition from the precharged (logic-high) state to a
logic-low state. If latch node X transitions to a logic-low state
based on current conducted by NMOS transistors 120,

NMOS transistor 118, and PMOS transistor 204, PMOS tran-
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sistor 208 will transition from a deactivated state to an acti-
vated state. Thus, PMOS transistor 208 and PMOS transistor
206 are configured to maintain node 7Z at a voltage adequate to
maintain NMOS transistor 118 (FIG. 1) and NMOS transistor
120 (FIG. 1) 1n saturation mode. Specifically, the approxi-
mate potential at node Z 1n this situation 1s defined by the
equation:

Vz=Vdd-(1Vt(M14)|+| Vdsat(M14) |+ Ve(M11)1+| Vdsat
(M11)])

Where Vdd 1s the potential provided by voltage supply VDD,
Vt(M14) 1s the threshold voltage of PMOS transistor 206,
Vdsat(M14)1s the saturation voltage of PMOS transistor 206,
Vt(M11) 1s the threshold voltage of PMOS transistor 208,
Vdsat(M11)1s the saturation voltage of PMOS transistor 208.

Maintaining NMOS transistor 118 and NMOS transistor
120 1n saturation mode during all intervals of operation of
latched voltage comparator 100 reduces kickback noise gen-
erated by the activation and deactivation of PMOS transistor
204 from coupling to input node IN_MINUS. In particular, 1f
NMOS transistor 118 and NMOS transistor 120 were permit-
ted to operate in a triode region when signal C'TL1 transitions,
gate-to-source overlap capacitance at NMOS transistor 120
would be increased, and a greater amount of charge-injection
noise at node Z (caused by a transitions at node CTL1) would
be coupled back to mput node IN_MINUS. As explained
turther with respect to FIGS. 3 and 4, signals at nodes CTL1
and CTL2 can be configured to momentarily overlap, thus
assuring that PMOS transistor 202 remains activated when
PMOS transistor 204 1s activated and deactivated.

The operation of 1solation module 144 1s similar to the
operation of 1solation module 116. Specifically, 1solation
module 144 1s configured to 1solate latch node Y from node W
during the precharge interval and the latch interval, and to
provide a conductive path between latch node Y and node W
during the compare interval. Furthermore, 1solation module
144 1s configured to maintain NMOS transistor 146 and
NMOS transistor 148 1n saturation mode during all intervals
of operation of latched voltage comparator 100.

FIG. 3 1s a schematic diagram illustrating overlap module
160 of latched voltage comparator 100 of FIG. 1 in accor-
dance with a specific embodiment of the present disclosure.
Overlap module 1s configured to generate signals conducted
by node CTL1 and CTL2, and includes mverters 310, 312,
and 318, NOR gate 314, and NAND gate 316. Inverter 310
has an mput connected to node ISO_B and an output con-
nected to an mput of mverter 312. Inverter 312 has an output
connected to an input of NOR gate 314 and an input of NAND
gate 316. NOR gate 314 has another input connected to node
ISO_B, and an output connected to node CTL1. NAND gate
316 has another input connected to node ISO_B, and an
output connected to node an 1nput of mmverter 318. Inverter
318 has an output connected to node CTL2. The operation of
overlap module 160 as illustrated by FIG. 3 can be better
understood with reference to FIG. 4.

FIG. 4 1s a timing diagram 400 1llustrating the operation of
latched voltage comparator 100 of FIG. 1 1n accordance with
a specific embodiment of the present disclosure. Timing dia-
gram 400 includes a horizontal axis representing time and a
vertical axis representing voltage. Timing diagram 400 1llus-
trates a wavelorm 420 representing a signal conducted at
node PCH_B, a waveform 430 representing a signal con-
ducted at node ISO_B, a wavetform 440 representing a signal
conducted at node CTL1, and a wavelform 450 representing a

signal conducted at node CTL2. Timing diagram 400 also
includes an interval 460 labeled “PRECHARGE.” an interval

462 labeled “COMPARE,” an interval 464 labeled “LATCH,”
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a time reference 470 labeled “T0,” a time reference 472
labeled ““T'1,” a time reference 474 labeled “12,” a time rel-
erence 476 labeled “T3,” and a time reference 478 labeled
“T4.”

Wavelorm 410 transitions from a logic-low level to a logic-
high level at time reference 470, and transitions back to a
logic-low level at time reference 478. Wavetform 420 transi-
tions from a logic-low level to a logic-high level at time
reference 470, and transitions back to a logic-low level at time
reference 474. Wavetorm 430 transitions from a logic-low
level to a logic-high level at time reference 474, and transi-
tions back to a logic-low level at time reference 478. Nodes
PCHG_B, ISO_B, and LAT are primary inputs of latched
voltage comparator 100. Waveiform 440 transitions from a
logic-high level to a logic-low level at time reference 470, and
transitions back to a logic-high level at time reference 476.
Wavelorm 450 transitions from a logic-low level to a logic-
high level at time reference 472, and transitions back to a
logic-low level at time reference 474. Each of signals at nodes
CTL1 and CTL2 1s provided by overlap module 160 1n
response to a transition of a signal at node ISO_B.

Interval 460 represents a precharge interval. During the
precharge interval, each of latch node X and latch node Y 1s
precharged to a logic-high level in response to an assertion of
a signal conducted at node PCHG_B. Interval 462 represents
a compare interval. Furthermore, each of NMOS ftransistor
118 and NMOS transistor 120 1s maintained in saturation
mode by PMOS transistor 202 of 1solation module 116 in
response to an assertion of a signal conducted at node CTL2.
During the compare interval, a current path between the cur-
rent mirror implemented by NMOS transistor 110 and NMOS
transistor 120 1s established by PMOS ftransistor 204 in
response to the assertion of a signal conducted at node CTL1
at 1solation module 116. Similarly, a current path between the
current mirror implemented by NMOS transistor 106 and
NMOS transistor 148 1s established by PMOS transistor 204
in response to the assertion of a signal conducted at node
CTL1 at 1solation module 144. Furthermore, each of NMOS
transistor 118 and NMOS transistor 120 1s maintained in
saturation mode by PMOS transistor 206 and PMOS transis-
tor 208 of 1solation module 116 1n the event that latch node X
transitions to a logic-low level. Similarly, each of NMOS
transistor 146 and NMOS transistor 148 1s maintained in
saturation mode by PMOS transistor 206 and PMOS transis-
tor 208 of 1solation module 144 1n the event that latch node Y
transitions to a logic-low level.

Interval 464 represents a latch interval. During the latch
interval, NMOS transistor 138 is activated by the assertion of
a signal conducted at node LAT, and one of latch node X or
latch node Y will transition to a logic-low level, while the
alternative latch node will remain at a logic-high (precharged)
level. The determination of which latch node will transition to
a logic-low level 1s based on which of nodes IN_PLUS and
IN_MINUS 1s at a greater potential immediately before and
during compare interval 462, as previously described. Note
that a signal conducted at node CTL2 remains negated for a
short period of time after a signal conducted at node CTL1 1s
negated. Similarly, the signal conducted at node CTL1
remains negated for a short period of time after a signal
conducted at node CTL2 1s negated. Thus, NMOS transistor
118 and NMOS ftransistor 120 are maintained 1n saturation
mode during all intervals of operation of latched voltage
comparator 100. Similarly, NMOS transistor 146 and NMOS
transistor 148 are maintained in saturation mode during all
intervals of operation of latched voltage comparator 100.

FIG. 5 1s a flow chart 1llustrating the operation of latched
voltage comparator 100 of FIG. 1 in accordance with a spe-
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cific embodiment of the present disclosure. The flow starts at
block 510 where a latch node at a comparator 1s decoupled
from a first current electrode of a first transistor during a {irst
phase of a compare cycle by deactivating PMOS transistor
204 at 1solation module 116 and isolation module 144, in
response to the negation of a signal at node CTL1 during a
precharge interval. The first transistor, e.g. NMOS transistors
118, 120, 146, and 148 are maintained 1n saturation mode.
The flow continues at block 520 where the latch node 1s
clectrically connected to the first current electrode of the first
transistor during a second phase of the compare cycle by
activating PMOS transistor 204 at 1solation module 116 and
1solation module 144, 1n response to the assertion of a signal
at node CIL1 during a compare interval. Each of NMOS
transistors 118, 120, 146, and 148 1s maintained 1n saturation
mode. The flow continues at block 530 where a value 1s
latched at the comparator representative of a comparison
between a first input voltage and a second 1nput voltage. The
value 1s based on a voltage at the first node during the second
phase of the compare cycle, 1n response to the assertion of a
signal at node LAT during a latch interval. Each of NMOS
transistors 118, 120, 146, and 148 1s maintained 1n saturation
mode.

FIG. 6 1s a block diagram illustrating a regulated charge
pump device 600 including latched voltage comparator 100
of FIG. 1 1n accordance with a specific embodiment of the
present disclosure. Latched voltage comparator 100 1s con-
figured to operate 1n a feedback configuration to maintain an
output voltage at a substantially constant level. Regulated
charge pump device 600 includes a voltage source 602, a
clock generator 604, a charge pump 606, a pump control
module 608, a compare control module 610, a capacitor 612,
latched voltage comparator 100, a voltage reference 614, and
resistors 616 and 618.

Voltage source 602, labeled “VIN,” has a negative terminal
connected to ground and a positive terminal connected to an
input ol charge pump 606. Clock generator 604, labeled
“CLK.” has a terminal connected to ground and another ter-
minal connected to an mput of charge pump 606. Charge
pump 606 has another input connected to an output of pump
control module 608 via a node labeled “ENABLE.” and an
output connected to a node labeled “VOUT.” Capacitor 612
has a first terminal connected to ground and a second terminal
connected to node VOUT. Resistor 616 has a first terminal
connected to node VOUT and a second terminal connected to
a node labeled “VD.” Resistor 616 has a first terminal con-
nected to node VD and a second terminal connected to
ground. Voltage reference 614, labeled “VREE,” has a nega-
tive terminal connected to ground and a positive terminal
connected to a non-inverting input at latched voltage com-
parator 100. Latched voltage comparator 100 has an inverting,
input connected to node VD, an mput connected to a node
labeled “ISO_B.” an mput connected to a node labeled
“LAT,” an1nput connected to anode labeled PCHG_B, and an
output connected to an mput at pump control module 608 via
a node labeled “OUT.”

During operation, latched voltage comparator 100 repeat-
edly samples the potential at node VOUT via node VD at a
voltage divider implemented by resistor 616 and resistor 618,
and compares this potential to that of voltage supply 614. If
the potential at node VD 1s less than the potential of voltage
supply 614, latched voltage comparator 100 configures pump
control module 608 to enable charge pump 606 to increase the
potential at node VOU'T. I1 the potential at node VD 1s greater
than the potential of voltage supply 614, latched voltage
comparator 100 configures pump control module 608 to dis-
able charge pump 606 to decrease the potential at node
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VOU'TT. Compare control module 610 generates signals con-
ducted at nodes PCHG_B, ISO_B, and L AT based on a clock
signal provided by clock generator 604. Signals conducted at
nodes PCHG_B, ISO_B, and LAT are generated sequentially
as described with respect to timing diagram FIG. 4 based on
the clock signal provided by clock generator 604. Thus,
latched voltage comparator 100 1s periodically re-evaluating
whether charge pump 606 should be activated or deactivated
based on a comparison of the potential at node VD and the
potential at node VREF.

Note that not all of the activities or elements described
above 1n the general description are required, that a portion of
a specific activity or device may not be required, and that one
or more further activities may be performed, or elements
included, 1n addition to those described. Still further, the order
in which activities are listed are not necessarily the order 1n
which they are performed.

Also, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill 1n the
art appreciates that various modifications and changes can be
made without departing from the scope of the present disclo-
sure as set forth 1n the claims below. Accordingly, the speci-
fication and figures are to be regarded in an 1llustrative rather
than a restrictive sense, and all such modifications are
intended to be included within the scope of the present dis-
closure.

Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any feature(s) that may cause any benefit, advantage, or solu-
tion to occur or become more pronounced are not to be con-
strued as a critical, required, or essential feature of any or all
the claims.

What 1s claimed 1s:

1. A method, comprising:

decoupling a first node of a latch at a comparator from a

first current electrode of a first transistor of the compara-
tor so that the first node 1s decoupled from the first
current electrode during a first phase of a first compare
cycle;

coupling the first node to the first current electrode of the

first transistor so that the first current electrode 1is
coupled to the first node during a second phase of the
first compare cycle;

during the second phase of the first compare cycle latching

a {irst value at the comparator representative of a com-
parison between a first input voltage and a second input
voltage, the first value based on a voltage at the first
node; and

maintaining the first transistor in saturation during the first

phase of the first compare cycle and the second phase of
the first compare cycle.

2. The method of claim 1, wherein maintaiming the first
transistor 1n saturation comprises applying a voltage to the
first current electrode of the first transistor so that V , >(V 5—
V ), where V,,. 1s a drain-source voltage of the first transistor,
V =< 1s a gate-source voltage of the first transistor, and V,1s a
threshold voltage of the first transistor.

3. The method of claim 1, wherein maintaiming the first
transistor in saturation comprises applying a voltage to the
first current electrode of the first transistor so that V, >1.5%*
(V-—V,), where V. 1s a drain-source voltage of the first
transistor, V .. 1s a gate-source voltage of the first transistor,
and V. 1s a threshold voltage of the first transistor.

4. The method of claim 1, wherein maintaiming the first
transistor in saturation comprises applying a voltage to the
first current electrode of the first transistor so that V,.>2%
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(Vs—~V,), where V. 1s a drain-source voltage of the first
transistor, V .. 1s a gate-source voltage of the first transistor,
and V, 1s a threshold voltage of the first transistor.

5. The method of claim 1, wherein maintaining the first

transistor in saturation comprises coupling the first current
clectrode of the first transistor to a reference voltage via a first
circuit path during the first phase of the first compare cycle,

and coupling the first current electrode of the first transistor to
a reference voltage via a second circuit path during the second

phase of the first compare cycle.

6. The method of claim 1, wherein maintaining the first

transistor 1n saturation comprises increasing the conductivity
ol a second transistor in response to determining a decrease 1n
voltage at the first current electrode of the first transistor.

7. The method of claim 1, further comprising;
during the second phase of the first compare cycle:
generating a first current based on the first input voltage;
generating a second current through the first node, the
second current based on the first current and based on
a current through the first current electrode of the first
transistor;
latching a first value at the comparator representative of
a comparison between the first input voltage and a
second input voltage, the first value based on the
second current.
8. The method of claim 1, further comprising:
decoupling a second node of the latch from a first current
clectrode of a second transistor so that the second node
1s decoupled from the first current electrode of the sec-
ond transistor during the first phase of the first compare
cycle;
coupling the second node to the first current electrode of
the second transistor so that the second node 1s coupled
to the first current electrode of the second transistor
during the second phase of the compare cycle; and
maintaiming the second transistor in saturation during the
first phase and the second phase.
9. The method of claim 1, further comprising;
decoupling the first node from the first current electrode of
the first transistor so that the first node 1s decoupled from
the first current electrode during a first phase of a second
compare cycle, the first phase of the second compare
cycle following the second phase of the first compare
cycle; and
maintaiming the first transistor in saturation during the first
phase of the second compare cycle.
10. The method of claim 9, further comprising:
coupling the first node to the first current electrode of the
first transistor so that the first current electrode 1is
coupled to the first node during a second phase of the
second compare cycle;
during the second phase of the second compare cycle latch-
ing a second value at the comparator representative of a
comparison between a third input voltage and a fourth
input voltage.
11. The method of claim 9, further comprising:
maintaining the first transistor 1n saturation during the sec-
ond phase of the second compare cycle.
12. A method, comprising:
during a first phase of a first compare cycle:
decoupling a first node of a latch at a comparator from a
first current electrode of a first transistor of the com-
parator;
coupling the first current electrode of the first transistor
to a first reference voltage via a first circuit path;
decoupling a second node of the latch from a first current
electrode of a second transistor;
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coupling the first current electrode of the second tran-
s1stor to the first reference voltage via a second circuit
path; and
during a second phase of the first compare cycle:
coupling the first node to the first current electrode of the
first transistor:

decoupling the first current electrode of the first transis-
tor from the first circuit path;

coupling the second node to the first current electrode of
the second transistor;

decoupling the first current electrode of the second tran-
sistor from the second circuit path and

latching a first value at the comparator representative of
a comparison between a first input voltage and a sec-
ond input voltage, the first value based on a voltage at
the first node and a voltage at the second node.

13. The method of claim 12, further comprising:

during the second phase of the first compare cycle, increas-
ing current applied to the first current electrode of the
first transistor in response to determining a decrease 1n
current at the first node.

14. The method of claim 12, further comprising:

during a first phase of a second compare cycle immediately
following the second phase of the first compare cycle:
decoupling the first node from the first current electrode

of the first transistor; and
coupling the first current electrode of the first transistor
to the first reference voltage via the first circuit path.

15. The method of claim 12, further comprising:

maintaining the first transistor in saturation during the first
phase and the second phase.

16. A device, comprising:

an amplifier comprising a first input to recerve a first input
voltage, a second input to recerve a second 1nput voltage,
and a first output to generate a first output voltage based
on the first input voltage;

a first transistor comprising a first current electrode, a
second current electrode, and a control electrode
coupled to the first output of the amplifier;

a first switch module comprising a first terminal coupled to
the first current electrode of the first transistor, a second
terminal coupled to a first voltage reference, a third
terminal, and a first control input configured to receive a
first control signal, the switch module configured to
couple the first terminal to the second terminal 1n
response to assertion of the first control signal and to
couple to the first terminal to the third terminal 1n
response to negation of the first control signal; and

a latch comprising a first input coupled to the third terminal
of the first switch module.

17. The device of claim 16, wherein the amplifier further

comprises a second output to generate a second output volt-
age based on the second input voltage, and further compris-
ng:

a second transistor comprising a first current electrode, a
second current electrode, and a control electrode
coupled to the second output of the amplifier;

a second switch module comprising a first terminal
coupled to the first current electrode of the second tran-
sistor, a second terminal coupled to the first voltage
reference, a third terminal, and a control input to receive
the first control signal, the switch module configured to
couple the first terminal to the second terminal 1n
response to assertion of the first control signal and to
couple to the first terminal to the third terminal 1n
response to negation of the first control signal; and
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wherein the latch comprises a second 1nput coupled to the coupled to the third terminal, and a control electrode
third terminal of the second switch module. coupled to the second control input.

18. The device of claim 17, wherein the latch comprises a 20. The device of claim 19, wherein the first switch module
control input to receive a latch signal, and wherein the latch 1s further comprises:
configured to latch a value in response to the latch signal, the s 3 fourth transistor comprising a first current electrode
value based on a comparison of a voltage at the first input of coupled to the first voltage reference, a second current
the amplifier to a voltage at the second input of the amplifier. electrode, and a control electrode coupled to the second

19. The device of claim 16, wherein the first switch module

turther comprises:

a second control mput configured to receive a second con-
trol signal;

a second transistor comprising a first current electrode
coupled to the first terminal, a second current electrode
coupled to the second terminal, and a control electrode
coupled to the first control input; and

a third transistor comprising a first current electrode 1°
coupled to the first terminal, a second current electrode I I

current electrode; and
a fifth transistor comprising a first current electrode

10 coupled to the second current electrode of the fourth
transistor, a second current electrode coupled to the first
terminal, and a control electrode coupled to the second
terminal.
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